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Reactive oxygen species (ROS) dictate biological outcomes and are linked with myriad pathologies.
However, measuring ROS in vivo remains a major obstacle in the field. Here, Albrecht et al. (2011) demon-
strate the efficacy of redox-sensitive GFP in measuring glutathione redox state and H2O2 levels of tissues
in Drosophila.Biology at its core is based on making
observations. The ability to detect a
phenomenon with appropriate sensitivity
and precision is crucial to testing a
hypothesis. The study of reactive oxygen
species (ROS) has been hampered by
the inability to appropriately detect spe-
cific types of ROS. Since ROS have
been implicated in multiple pathologies
such as aging, cancer, diabetes, and neu-
rodegeneration, as well as physiological
process such as oxygen sensing, it re-
mains critical that ROS levels be accu-
rately detected (Finkel, 2011). Mitochon-
drial electron transport chain and NAPDH
oxidases are the major sources of super-
oxide (O2
) generation within cells (Hama-
naka and Chandel, 2010). Superoxide is
rapidly converted to hydrogen peroxide
(H2O2) by superoxide dismutases (SODs).
H2O2 is converted into water by catalase,
glutathione peroxidases (GPXs), and per-
oxiredoxins (Figure 1). Glutathione perox-
idases reduce H2O2 to water by oxidizing
GSH to GSSG. NADPH is utilized by
glutathione reductase to convert GSSG
to GSH. Historically, ROS have been
implicated as inducers of lipid, protein,
and DNA damage resulting in cellular
toxicity. However, it is increasingly appre-
ciated that low levels of H2O2 can partici-
pate in cellular signaling to maintain
homeostasis while higher levels of H2O2
and hydroxyl radical ($OH) participate
in cellular damage (Janssen-Heininger
et al., 2008). The compartmentalization
of H2O2 within cells is also likely to dictate
biological outcomes. Thus, sensitive and
precise measurement of H2O2 levels
in vivo is essential to examining the role720 Cell Metabolism 14, December 7, 2011 ªof H2O2 in physiological or pathological
processes. In this issue of Cell Metabo-
lism, Albrecht et al. (2011) assessed
GSSG/GSH ratio and H2O2 levels in
Drosophila tissues by using redox-sensi-
tive GFPs (roGFPs) targeted to either
cytosol or mitochondria.
In the past two decades, fluorescent
dyes have beenwidely utilized tomeasure
H2O2 levels in vitro. However, these
dyes have several limitations, since their
signal is dependent on cellular uptake
and can undergo photosensitized oxida-
tion (Murphy et al., 2011). Markers of
oxidative damage such as the detection
of 8-hydroxyguanine are often utilized to
detect oxidative stress in vivo. Measure-
ment of the glutathione redox state
(GSH/GSSG ratio) from tissues or cells is
the other major technique to detect ROS
levels. However, redox state of gluta-
thione is not always reflective of H2O2
levels and varies within different compart-
ments of the cell. Previously, Remington
and colleagues developed a redox-sensi-
tive GFP (roGFP) that makes it possible to
decipher GSSG/GSH and H2O2 levels in
different compartments within the cells
(Hanson et al., 2004). RoGFPs are engi-
neered to have two cysteine residues on
their surfaces, and the oxidation of the
cysteines determines the fluorescence
property of the protein. An EGFP variant
referred as roGFP2 has also been engi-
neered to be redox sensitive. These are
pH-insensitive, ratiometric, redox-sensi-
tive fluorescent probes. RoGFP2 can be
linked to glutaredoxin (Grx) or thiol perox-
idase (Orp1) to increase sensitivity for
measuring glutathione redox state or2011 Elsevier Inc.H2O2 levels, respectively (Meyer and
Dick, 2010) (Figure 1).
Albrecht et al. (2011) assessed GSSG/
GSH and H2O2 levels in Drosophila
tissues and whole body by generating
four different transgenic flies containing
roGFP2-Grx or roGFP2-Orp1 targeted to
either the cytosol or mitochondrial matrix.
A major obstacle in using fluorescence
imaging in vivo is that not all parts of
Drosophila are optically accessible. To
capture redox state of the roGFP probes
immediately after dissection, they devel-
oped a method whereby the tissues are
exposed to the fast-acting, tissue-perme-
ating alkylating agent, N-ethyl maleimide
(NEM), followed by paraformaldehyde
(PFA) fixation. NEM prevents thiol oxida-
tion of the probe during tissue prepara-
tion and PFA fixation. The four different
roGFP transgenic flies demonstrate both
tissue-specific and cellular compartment-
specific changes in glutathione redox
state and H2O2 levels. For example,
silencing of mitochondrial complex I
subunit ND42 led to an increase in GSSG
in the mitochondria but not the cytosol.
The ubiquitous silencing of Jafrac1, the
major peroxiredoxin in Drosophila, in-
creased both cytosolic H2O2 levels and
GSSG only in certain tissues e.g., Mal-
pighian tubules. These findings highlight
the importance of combining genetic in-
terventions that modulate ROS with pro-
per tools to measure glutathione redox
state or H2O2 levels.
A major question in the aging field is
whether H2O2 levels increase or decrease
during aging. Albrecht et al. (2011) de-
cided to tackle this by examining H2O2
Figure 1. Redox-Sensitive GFPs Detect H2O2
Mitochondrial electron transport chain and NADPH oxidases can generate superoxide, which is converted
into H2O2 by SOD1 or SOD2. H2O2 is detoxified into H2O by glutathione peroxidases (GPXs), catalase, and
peroxiredoxins. H2O2 can activate stress responses by initiating cellular signaling through oxidizing
cysteine residues of protein(s), resulting in either activation or inactivation of the protein. RoGFP2 linked
to Orp1 can be used to detect H2O2 levels. This probe can be localized to different intracellular compart-
ments, including the mitochondrial matrix. H2O2 can oxidize the cysteine residues of Orp1, resulting in a
disulfide bridge. Subsequently, thiol-disulfide exchange occurs between Orp1 and roGFP2 cysteines,
resulting in the formation of the roGFP2 disulfide bridge. The reduced roGFP2 exhibits excitation around
488. Upon oxidation, roGFP2 gains excitability at 405 nM and loses excitability at 488. Albrecht et al.
(2011) observed that an increase in organismal life span of Drosophila correlated with an increase in
H2O2 levels in certain tissues. It is tempting to speculate that the increase in H2O2 levels will activate stress
response in certain tissues that contribute to the fitness of the organism.
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sophila, the most prominent site of age-
related oxidation. They observed that
females had higher levels of cytosolic
H2O2 in the gut enterocytes than males.
The females had a median life span
12 days longer than males. Furthermore,
extension of life span in females by a
mutation in the insulin/IGF signaling path-
way was associated with increased cyto-
solic H2O2 levels in the gut. Although
these findings do not establish causality
that an increase in H2O2 results in an
increase in life span, they are consistent
with an emerging idea across multiple
species that an increase in H2O2 levels
correlates with longevity (Lapointe and
Hekimi, 2010). A recent report in Cell
Metabolism demonstrated in Drosophilathat dietary restriction (DR), known to
increase life span, did not alter mitochon-
drial matrix H2O2 levels in vivo using
a ratiometric mass spectrometry redox-
sensitive probe (Cocheme´ et al., 2011).
However, this study did not examine
H2O2 levels in cytosol. It will be of interest
to utilize these transgenic roGFP flies to
assess whether DR also alters GSSG/
GSH and H2O2 levels in the cytosol and
mitochondrial matrix of specific tissues
(Figure 1).
In establishingwhetherH2O2 is causal in
biological processes, the field has been
hampered by use of antioxidants such as
N-acetylcysteine (NAC), which does not
directly scavenge H2O2 and can also
reduce disulfide bonds within proteins.
Albrecht et al. report that NAC unexpect-Cell Metabolism 14,edly increased mitochondrial H2O2 levels
in various tissues. Thus, the assumption
that NAC is a pan-antioxidant should be
treated with caution. NAC is a precursor
to glutathione synthesis and is likely bene-
ficial only in conditions where GSH is
severely depleted. The recent develop-
ment of mitochondrial-targeted antioxi-
dants (Murphy and Smith, 2007) coupled
with the use of roGFPs will be pivotal in
determining whether mitochondrial oxi-
dant production is causal in physiological
or pathophysiological processes. Finally,
the exciting findings of Albrecht et al. set
the precedent for the development of
transgenic mice containing roGFP2-Grx
or roGFP2-Orp1 targeted to either the
cytosol or mitochondrial matrix, thus en-
hancing our understanding the role of
H2O2 in the context of signaling associ-
ated with normal physiology and patholo-
gies associated with diseases.REFERENCES
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